ABSTRACT
INTRODUCTION
Vertebrate body is bilaterally symmetrical at the exterior. However, our stomach and heart are oriented towards the left and liver to the right. Asymmetry of the interior is a prominent feature of the vertebrate body plan. Mechanisms by which the Left-Right asymmetry is established, are based on asymmetric gene expression in the embryo (1) . The left adrenal gland was often heavier than the right and with a greater longitudinal length than the right. Adrenal glands were often heavier in male, younger age group (less than 60-yrs-old) and patients with history of hypertension or lung cancers (2) . In human adrenal carcinomas causing Cushing's syndrome occur more frequently on the right side, whereas adrenal tumors inducing primary aldosteronism are more frequent on the left side (3) . The aim of the present work is to shade light on adrenal biological lateralization and its relation to age, sex, stressful condition and circadian rhythm.
2. CRS adult female group at 9 am. 3. Control adult female group at 9 pm. Non-stressed rats were left freely wandering in their cages at room temperature.
CRS was done by fixing the four limbs of the rat to a wooden board and placed in a refrigerator at 4ºC for 3 hours. The door of the refrigerator was opened every 0.5 hour for inspection and follow up (6) .
Methods:
The experiments were performed at two times of the day, at 9 a.m. and 9 p.m. to study the effect of the circadian rhythm of the chemical transmitters.
The rats were anesthetized by light ether anesthesia. They were dissected, their supra-renal glands were removed on the right and left sides to determine catecholamines and serotonin.
*Determination of Catecholamines and Serotonin:
According to (Cairlone, 1978)
procedure, a weighted whole right and left supra-renal gland were put in a test tube containing 5 ml acidified butanol, the mixture was homogenized and placed in vortex mixer for 30 seconds, then centrifuged for 5 minutes., 1.6 of 0.2 N acetic acid and 5 ml n-heptane was added to 2.5 of the supernatant fluid. The content was mixed for 30 seconds then, centrifuged for 5 minutes. For 5 HT assay, 1.2 ml of 4mg% Ophthaladehyde was added to 0.2 ml of the aqueous phase and mixed well then placed in boiling water path for 10 minutes then cooled under tape water. For catecholamines assay, 0.2 ml of 0.1 EDETA was added to the aqueous phase and mixed well. Then 0.2 of 0.1 N iodine was added for 2 minutes only. The oxidation was stopped by addition of 0.2 ml of alkaline sulphite for 2 minute exactly (the pH was adjusted at about 5.4 by addition of 5 N acetic acid. All samples were subjected for determination of catecholamines and serotonin using spectroflourophotometer (RF-5000, Schmidzu), Japan (Cairlone, 1978) (7) .
Statistical analysis:
All values are expressed as mean ± SE. Independent student's "t" test was applied to analyze the significance of differences between mean values and a critical p value was considered to be significant at < 0.05.
RESULTS
-The obtained data showed right lateralization in adult rats with insignificant effect in young rats. -There was a significant lower hormonal concentration in adult rats compared with young rats. -There was a difference in the circadian rhythm of the epinephrine, dopamine and serotonin as there was a higher epinephrine concentration in right gland and lower dopamine and serotonin concentration in the left gland in adult female rats at 9 pm, (Tables 1,  3 and 4) . -There was insignificant differences in the circadian rhythm of all hormones in adult male rats at 9 pm, except for serotonin (decreased in both glands), (Tables 1-4 ). -There was insignificant differences in the circadian rhythm of the hormones in CRS adult male rats at 9 p.m. except for epinephrine, CRS significantly increased concentration in both glands, (Tables 1-4) . -There was a significant difference in the circadian rhythm of the hormones in CRS adult female rats as the concentration increased in right gland except for serotonine, the concentration increased in both glands, (Tables 1-4 ). -There was a higher left epinephrine concentration in adult female rats compared with adult male rats with insignificant differences between young rats, ( Table 1 ). -There was a significant higher left nor-epinephrine concentration in young female rats compared with young male rats with insignificant differences between adult rats, ( Table 2 ). -There was a significant lower right dopamine concentration in young female rats compared with young male rats with insignificant differences between adult rats, (Table 3) . -There was a significant increased right and left serotonin concentrations in young and adult female rats compared with young and adult male rats, (Table 4) . -There was a significant left lateralization in weight in adult rats and a significant higher weight in both glands in adult rats compared with young rats. CRS insignificantly affect weight of the supra-renal gland. There are insignificant differences in the circadian rhythm in the weight but still left lateralization, (Table 5) . •: Significant difference of left side from right side in each site, P ≤ 0.05. ○: Significant difference of female rats from corresponding male group, P<0.05. ^ : Significant difference of adult from corresponding young group, P ≤ 0.05. * : Significant difference of adult at 9 pm from corresponding young group, P ≤ 0.05. 
DISCUSSION
Data of the present study showed a significant left lateralization of the weight of supra-renal glands. Sullivan and Gratton,(1999) (13) who found a left-right adrenal weight asymmetry in suicides, they attributed this asymmetry to the consistency with the hypothesis of abnormal lateralized input from higher control centers of the HPA axis.
Aging is frequently associated with changes in physiological and cognitive process, among these changes is a distinict dysregulation of the hypothalamic-pituitary-adrenal axis (HPA), the obtained data revealed that there was a higher serum norepinephrine and lower epinephrine in the young rats compared with adult rats and this may be explained by immaturity of the phenylethanolamine-N-methyl transferase enzyme in young rats. This finding is in accordance with Avakian et al (1984) (14) who found that arterial plasma epinephrine concentration in older rats is significantly elevated both in basal conditions and in response to acute cold stress suggesting enhanced adrenal medullary activity with advancing age. But, Pascualy et al. (1999) (15) found that norepinephrine and epinephrine levels both basal and after cold pressor test were significantly higher in advanced aging than in young subjects but Ester et al. (16) found that adrenal medullary release of epinephrine was subnormal in the elderly, at rest and during stress in man.
These findings may be explained either by Kawano et al (1995) (17) (20) concluded that aging is associated with diminished responsiveness of central and peripheral catecholaminergic system to acute stress.
The obtained data revealed that there were significant higher suprarenal medullary hormones in female rats compared with male rats and this may be due to high level of glucocorticoid hormone, which is the major factor that controls the synthesis and release of catecholamines from supra-renal gland, in females compared with males. These results agree with Born et al. (1995) (21) who reported that there were greater levels of adreno-corticotropic hormone (ACTH) and corticosterone levels in females compared with males.
Leniewska et al (1990) (22) concluded that the higher responsiveness of the pituitary-adrenal cortex axis of female rats to stress depends on stimulatory or facilitatory effect of estradiol.
Our findings may be explained by Weinstock et al (1998) (23) (24) found that there are sexinduced effects in emional reactivity, perception of the stressor and in the evaluation of novel situation and Kurina et al (2005) (25) suggested that the genetic determinants of morning cortisol levels may be different for men and women.
The obtained data revealed right lateralization of the supra-renal hormones in adult rats and the stress did not affect this lateralization. These results agree with Gerendai and Halasz (2001) (3) who reported that there was a predominant right-sided neuronal structure in the control of supra-renal gland. Also, there was a positive correlation between suprarenal weight and total cortical thickness in both right and left glands so with lower weight of right gland compared with left, cortical thickness decreased and increase thickness of medulla releasing more catecholamines (13) . Our data showed higher suprarenal medullary hormones in female rats compared with male rats and these results agree with Born et al. (1995) (21) who reported that there were greater levels of adreno-corticotropic hormone (ACTH) and corticosterone levels in females compared with males, but the picture is more complex in humans as men seem to secrete more ACTH than women with comparable total cortisol levels under basal conditions, which suggest an increased sensitivity of female adrenal cortex and as a result secrete more medullary hormones. (31) who reported that the difference in the content of catecholamines in left and right adrenal glands of control and stressed rats may reflect asymmetry of secretory activity in the adrenal gland.
Exposure to various mild stressor has been shown to result in the activation of dopamine containing neuronal systems projecting to the PFC.Our results also showed a reduction in dopamine concentration in young female rats which agree with the finding of Ivanisevic et al (1997) (32) found a reduction basal dopamine concentration in adrenal glands and an increase in response to stress at all ages in female rats. While the greatest values of E and NE were found in older females. The stress response of NE and dopamine had a tendency to fall reaching basal values in old females.
The data of the present work showed a significant increase in serotonin concentration in female groups compared to the male groups which can be explained by Handa et al (1993) (33) who postulated that increased serotonin neurotransmission can normalize the hyperactivation of the hypothalamic-pituitary-adrenal axis of old male rats. Handa et al (1996) (34) reported that serotonin activity could be involved in the agerelated changes in the MFC catecholamine responses to stress in female rats.
In adult rats, the data of the present work show a higher epinephrine concentration in right gland and lower dopamine and serotonin concentration in the left glands in female rats and a low concentration in both glands in male rats at 9 pm. CRS increases epinephrine concentration in both glands in male rats at 9 pm. However, it induces a significant difference in the circadian rhythm of the hormones in CRS adult female rats as the concentration increased in right gland except for serotonin the concentration increased in both glands. In a similar work, Allen et al (1980) (35) found that a circadian rhythm of plasma corticosterone levels and adrenal content in both male and female with the highest levels at the onset of darkness. In contrast no circadian rhythm of ACTH. They concluded that rhythmic corticosterone secretion is not entirely dependent on ACTH secretion. Also, Kant et al (1986) (36) found that stress at 6:00 increased pituitary cyclic AMP 10-fold, while stress applied at 18 (38) found significant increases in urinary norepinephrine & epinephrine and dopamine. Cold exposure produced a significant increase in NE and E in both light and dark phase.
Rybkin et al (1997) (39) found that there was an elevation of dopamine turnover in the hypothalami of rats restraint at the end of light cycle, but not those restraint in the morning. These results show that restraint stress has a greater effect on metabolism and energy balance when it is applied in the morning.
There is no direct work done similar to this work but our data can be explained by Oster (2006) (40) who reported that the mammalian circadian pacemaker residing in the suprachiasmatic nuclei (SCN) of the hypothalamus control peripheral clocks throughout the brain and the body via humoral and neuronal transmission. They concluded that there is a tissue specificity of some component of these molecular clockworks and the regulation of their rhythmicity by the SCN. Pickard and Turek (1982) (41) reported that there are at least two pacemakers and an interaction between the bilaterally paired suprachiasmatic nuclei in the generation of the circadian rhythm of activity.
In 2003, de la Iglesia et al. (42) provided the first functional evidence of "splitting" phenomenon of the output pathway from the SCN. They concluded that the functional activity of the neuroendocrine hypothalamus mirrors intrinsic side-to-side differences in the SCN gene expression. Buijs et al. (1999) (43) proved a functional neuronal connection between SCN and adrenal gland and they concluded that SCN utilizes this neuronal pathway to spread its time of the day message to the adrenal gland, utilizing the autonomic nervous system. They found that at the beginning of dark period there is a fast decrease of corticosterone accompanied by constant basal levels of blood adrenaline and noradrenaline, they proposed this due to a direct inhibition of the neuronal output to the adrenal cortex by light-mediated activation of SCN neurons.
Moyer and Kennaway, (2000) (44) reported that SCN is the locus of the biological clock in mammals. Daily light cycles entrain the endogenous circadian rhythm through direct and indirect neural pathways from the retina. They proved that serotonin is a mediator of these photic information to the SCN.
Tavakoli et al (2006) (45) observed an obvious asymmetry of the c-fos expression of the lateral habenula (the circadian timing system in rodents. Linder (46) demonstrated that heavy exercise had a significant effect on cortisol release immediately post exercise, but not significantly affect the waking circadian rhythm in women.
In conclusion, this study revealed a peripheral biological lateralization in the supra-renal glands. Data of the present work will open the door for further study on: the role of this lateralization on stress responses and in the pathogenesis of stress developing diseases, the role of neurochemical lateralization differences between young adult male and female in age and sex related response to stress, and the relation between central and peripheral endocrine lateralization and the role of dark-light cycle of neurochemical lateralization on hormonal release during day and night (Hormonal circadian rhythm 
